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Abstract. It is well known the our Universe is expanding. In principle, we can

estimate the expansion speed either directly, by observing the current state
of the Universe, or indirectly, by analyzing the cosmic background radiation.
Surprisingly, these two estimates lead to somewhat dierent expansion speeds.
This discrepancy is a important challenge for cosmologists. Another challenge
comes from recent experiments that show that, contrary to the original idea
that dark matter and regular (baryonic) matter practically do not interact,
dark matter actually shadows the normal matter.
In this paper, we show that this dark matter connement can explain the
discrepancy between dierent estimates of the Universe's expansion speed. It
also explains the observed ratio of dark matter to regular matter.
Keywords: dark matter, Universe's expansion speed.

1. Dark Matter: What Is It, and What Is Known About It
Newton's law of gravitation: brief reminder. One of the main discoveries
of Isaac Newton was that the motion of each celestial body
equation

mA · ⃗aA = F⃗A =

∑

F⃗AB =

∑

B
where

mA

constant,

is the mass of the body

⃗rAB

G·

B

A, ⃗aA

mA · mB
· ⃗rAB ,
3
rAB

is a vector connecting the celestial bodies,

By dividing both sides of this formula by

∑
B

is described by the

G is the gravitational
and rAB is the length of

is its acceleration,

this vector, i.e., the distance between the bodies

⃗aA =

A

G·

A

mA ,

and

B.

we conclude that

mB
· ⃗rAB .
3
rAB

By observing the motion of dierent celestial bodies, we can calculate their accelerations and thus, determine the corresponding masses.
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In particular, by observing planets orbiting a star, we can determine the mass
of this star; by observing satellites orbiting a planet, we can determine the mass of
this planet, etc.

What is dark matter. In many galaxies, all the stars rotate around the galaxy's
center (and, by the way, our Sun is no exception). In principle, by observing the
acceleration of stars at dierent distance

r from the galaxy's center, we can determine
≤ r from the galaxy center.

the overall mass of all the matter at distance

On the other hand, we know what the galaxies are made of, so we can estimate
the same mass by counting dierent stars  and adding up their masses, by counting
the gases (which can be estimated by how much they emit or block the light from
the stars), by estimating how many dead stars and planets there can be, etc.
It turns out that all possible matter constitutes only about 20% of the mass
needed to explain the rotation. In other words, to explain the observed rotation,
we need to conclude that, in addition to the usual mass, there is an additional
unusual mass, mass that does not emit light or radio-waves and which is therefore
not directly visible on the usual astronomical instruments such as telescopes and
radio-telescopes. In a telescope, the area lled only with such an unusual matter is
invisible (dark). Because of this fact, such unusual matter is called the

Comment.

dark matter.

To avoid possible confusion, we should mention that a similar deciency

appears if we compare the acceleration of galaxies on a cosmological scale with the
overall mass of galaxies and other celestial bodies  the only dierence is that on
the cosmological scale, one needs to use Einstein's equations of General Relativity
Theory instead of the approximate Newton's equations. The resulting missing mass
is known as the

dark energy.

In this paper, we only consider dark matter.

What is the proportion of usual vs. dark matter.
estimates, the usual matter forms
forms

≈ 27%

≈ 5%

According to current

of the Universe's mass and dark matter

[4].

The original idea: dark matter and usual matter practically do not interact. Since the only observable eect of dark matter is its gravitational eect on
the usual matter, researchers previously concluded that there is no other interaction
between these two types of matter.
In other words, the only interaction between these two types of matter is the
gravitational one  which, by the way, is drastically weaker than any other type of
interaction; see, e.g., [2].
Because the only interaction between the two types of matter is very weak, it
was assumed that, in general, these two types of matter practically do not aect
each other. In particular, it was assumed that the spatial distributions of the usual
matter and of the dark matter are very weakly correlated.

An unexpected empirical fact: dark matter follows the usual matter. Surprisingly, a recent spatial analysis of galaxy's velocity and usual mass distributions
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showed that there is a strong spatial correlation between the usual matter and the
dark matter [3].
While on the local level, the distributions of the dark matter may be practically
independent from the distribution of the usual matter, on a larger scale, the distribution of the dark matter seems to follow the distribution of the usual matter  and
vice versa.
In other words, while on a medium-size distance scale, that may be no interaction
between the usual and the dark matter, something prevents them from separating
beyond a certain distance.

2. This Experimentally Observed Dark Matter Connement Can Clarify a Discrepancy Between Estimates of
the Universe' Expansion Speed
From the physical viewpoint, such a connement is not unusual. The
above phenomenon is not usual  a similar

quark connement

is a known fact; see,

e.g., [2]. Within short distances, quarks within a baryon practically do not interact
with each other, but once they reach a certain distance, they become more and more
attracted to each other  to the extent that they cannot separate beyond a certain
distance.

The discrepancy in the Universe's expansion speed. While all observations
conrm that the Universe expands, dierent measurements lead to dierent values
of the expansion rate:

•

supernova and quasar measurements estimate the expansion rate as 72
73 km/sec per megaparsec; see, e.g., [1], while

•

measurements of the cosmic microwave background result in the smaller expansion rate of 67 km/sec per megaparsec [5].

From the physical viewpoint, cosmic background rational measurements correspond
to early stages of the Universe, while supernova and quasar measurements reect the
current state of the Universe. Thus, the above discrepancy means that at present,
the Universe expands faster than in the past.
Until now, there was no good theoretical explanation for this discrepancy.

Dark matter connement can explain this discrepancy. The observed phenomenon of dark matter connement shows that at reasonably short distances, there
is a strong attraction force between dark matter and regular (baryonic) matter.
At present, the connement distance  which is commeasurable with the galaxy
sizes  is much smaller than the size of the Universe.

Thus, these forces do not

aect processes on the cosmological level of the Universe as a whole. On the other
hand, on the early stages of the Universe, the distance was commeasurable with the
Universe's size. Thus, this additional attraction force prevented the Universe from
expanding  and, a consequence, the Universe expanded slower than at present.
This is exactly what we observe.
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3. From Qualitative to Quantitative Explanation
Need for quantitative explanation. Qualitative explanation is a good start, but
it is denitely desirable to come up with a quantitative explanation of observations.
In this section, we provide such an explanation.

Dark matter connement explains the discrepancy between dierent estimates of the Universe's expansion speed. In the dark matter connement
model, at the early stages of the Universe, there is a strong attraction between dark
matter and regular matter, so strong that it prevents the dark matter from moving
beyond a certain distance.
In eect, this means that at these stages, the dark and regular matter do not
contribute to the expansion. Overall, both types of matter form

27% + 5% ≈ 32%

part of the Universe's mass. Since the gravitational interaction is proportional to the
product of the interacting masses, the interaction between dark matter and normal
matter forms

0.32 × 0.32 ≈ 0.10

part of the overall force. Thus, it is reasonable to

expect that the expansion speed measured at the early stage of the Universe  e.g.,
by the cosmic background radiation  is approximately 10% smaller than the speed
measured at present  e.g., by supernova and quasars.
A 10% decrease from 73 km/sec gives us 66 km/sec, which is in good accordance
with the observe value of

≈ 67

km/sec per megaparsec.

4. Additional Result: Dark Matter Connement Explains,
in the First Approximation, the Observed Ratio of Dark
Matter to Regular Matter
We know that dark matter shadows the regular matter. What is the conguration of dark matter in comparison with the usual matter?

•

To each particle

x of the normal matter, there can be a particle of dark matter

nearby.

•

We can also have several other particles of dark matter at some distance from
the original particle

x.

In nature, everything tries to move to a conguration with the smallest value of
potential energy. Energy does not change if we swap dierent distance dark-matter
particle.

Thus, if we assume that there is one optimal conguration, then this

optimal conguration should have the same symmetry as the energy expression. In
other words, the conguration should not change if replace some of these distance
dark-matter particles.

This means, in the particular, that the distance between

every two dierent dark-matter particles must be the same.
In the 3-D space, we can have no more than 4 points
erty that

d(Ai , Aj ) = const

for all

i ̸= j .

A1 , A2 ,

. . . , with the prop-

These points form a regular tetrahedron.

In the resulting conguration, to every particle of the usual matter, there correspond

ve dark-matter particles:
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•

one close one and

•

four distance ones.

This rst-approximation ratio of dark matter to normal matter is in good accordance
with the observed ratio of

27%/5% ≈ 5.4.
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